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Abstract. In this paper, we first define the real-time program. And next, we present a efflcient
verification method for real-time progranus. This method enables effective automated veriflcation for
systems which ha8 $R\epsilon al-tim*op\epsilon ration$ and $Dat*procae\dot{m}ng$-operation like embedded systems. This
.veriflcation method is based on predicate abstraction and reflnement. Furthermore, we discuss the
termination of this verification method.
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$X$ . $D,$ $X$ .











. $\sim\in t<,$ $>,$ $=,$ $\leq,$ $\geq$ }
.
$d$ $\phi^{D}$ $d\sim c$
$d_{1}-d_{2}\sim c$ . $\sim\in t<,$ $>$
$,$ $=,$ $\leq,$ $\geq$ } .
$x$
, $x$
$\phi^{X}$ $x\sim n$ $x_{1}-x_{2}\sim n$
. , $\sim\in\{<, >, =, \leq, \geq\}$
.
$\phi^{D},$ $\phi^{X}$ . , $k$ ,
$n$ .
Deflnition 3( )





Deflnition 4 (RP )
7
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$d\in D$ $\mu(x)\in Z$
.. $X$
(valuation) $\nu$












Deflnition 5 (RP )
$RP$ $q=\mathfrak{g}_{\mu,\nu\rangle}$ ,
.
$T\subseteq LxEx$ GUARD $x$ ACT $xL$
$t\in L$ $l’\in L$ $t\in T$ 6
.
\langle $l$ , event, guard, act, $l’$} $\in T$
$-l$ .
























$R_{UN}$ : $\phi_{0},$ $\mu_{0},$ $\nu_{\{}\int^{\lrcorner}\beta_{1},\mu_{1},$$\nu Jjarrow\phi_{2},\mu_{2},$$\nu theta laarrow l_{\theta}\ldots$
, $\mathfrak{g}$) $=\beta 0,$ $\mu 0,$ $\nu\phi$ , $l_{0}$
, $\mu_{0},$ $\nu_{0}$










; $(l_{1}, x=4\wedge d=0)$
$l_{1}$ l2 : $(l_{2},x=0\wedge d=0)$
: $(l_{2},x=3.5\wedge d=0)$
$l_{2}$ l1 : $(l_{1}, x=3.5\wedge d=1)$
,
.
$\bullet QRP\subseteq Lx[Z^{r\iota}\#^{D}x[\mathbb{R}+\pi\iota \mathfrak{g}^{x}$ $(l, \mu, \nu)$
. $\nu$ $inv(l)$
, $\nu\in inv(l)$ .
$\bulletarrow$ -
$arrow\epsilon dpe$ , - $arrow^{t1\pi\iota\epsilon}$
.
- -
$arrow\epsilon dgc$ eve $E$ ,
( $l$ , event, guard, act, $l’$ ) $\in T,$ $(\mu, \nu)\in$ giiard, $\nu^{l}\in inv(l’)$
$(l, \mu, \nu)arrow^{edpe}(l’,\mu’,\sqrt{})$




$arrow^{ti\tau r\iota\epsilon}$ $t\in \mathbb{R}\geq 0$ ,
$\forall 0\leq t’\leq t.\nu+t’\in inv(l)$
$\overline{(l,\mu,\nu)arrow t|_{f}ne(l.\mu,\nu+t)}$
.









. $RP$ $q_{0}=(l_{0}, \mu_{0}, \nu_{0})$
, $l_{f\iota}\in L_{T}$ $=(l_{n}, \mu_{n}.\nu_{n})$
$RP$ , ,








D finition8 ($RP$ )
$RP$ $R=\langle l, P_{D}, P_{X}\rangle$
. $P_{D}$ $\nu$
, $P_{D}=\{\phi_{1}^{D}\wedge\phi_{2}^{D}\wedge\ldots\wedge\phi_{1\iota}^{D}|n\in N\}$





$\langle l, P_{D}, P_{X}\rangle$
. , $Px$ $\nearrow PPP_{X}$
. $\nu\in\nearrow P_{X}$
, $\exists t\in \mathbb{R}.\nu-t\in P_{X}$ .
Time Successor:
$time_{-}succ\langle l, P_{D}.P_{X}\rangle:=\langle 8, P_{D}, \nearrow P_{X}\cap inv(l)\rangle$
$timesucc\langle l, P_{D,}.P_{X}\rangle$ $\langle l, P_{D}, P_{X}\rangle$ , -
.
Discrete successor:
$T=$ ( $l$ , event, guard, $ad,$ $l’$ ) $d$ \vdash
crete succegsor .
$disc_{-}succ(e,$ $(l, P_{D}, P_{X}\rangle):=$
$(l’, ((P_{D}\cap guard)[ar,t]),$ $((P_{X}\cap guard)[act])\cap$
$inv(l’)\rangle$
$disc_{-}succ\langle l, P_{D}, Px\rangle$ $\langle l, P_{D}, P_{X}\rangle$ , -
$e$ .
Time $Succ\infty\epsilon or,$ $Di\epsilon creteSuc\infty sor$
, $Succ\approx or$ Succ
.
Succ$(e, \langle l, P_{D}, P_{X})):=$
time succ (discsucc $(e,$ $\langle l,$ $P_{D},$ $P_{X}\rangle)$ )









1 , $8UCC\infty or$
.
Succ $(Inarrow l_{1}, (l_{1}, d=0, x=0\rangle))$
$=\langle l_{1}, d=0,0\leq x\leq 5\rangle$ ( )
Succ$(l_{1}arrow l_{2}, \langle l_{1}, d=0_{:}0\leq x\leq 5\rangle))$
$=(l_{2}, d=0,0\leq x\leq 5)$ ( $l_{1}$ $l_{2}$ )
Succ $(l_{2}arrow l_{1}, (l_{2}, d=0,0\leq x\leq 5\rangle))$













$\Pi=[\pi_{1}, \pi_{2}, \ldots\pi_{k}]$ ,











Predl: $\{x\geq 5\},$ $\{d=0\}=T,$ $T$
Predl: $\{x\geq 5\},$ $\{d=0\}=T,$ $F$
Pred3: $\{x\geq 5\},$ $\{d=0\}=F,$ $T$















Example 4 [ 1
1 $\{x\geq 5\}$
,
Predl $=\{x\geq 5\}=T$ , Pred2$=\{x\geq 5\}=F$
(Errov $=l_{3}$ )
.
:In\rightarrow ll Predl $=F$ , Pred2 $=T$
:l1\rightarrow l2 Predl $=F$, Pred2 $=T$

















( ) $C$ , $C$









EPass $=(l_{0}, \ldots, l_{r\iota})(l_{n}\in L_{T})$
, .
, ($weal\infty tpr\propto ond$
tion)
. ,





















:12\rightarrow 13 $x\leq 3\wedge d\geq 1$
:l1\rightarrow l, $3<x<5\wedge d\geq 1$
:In\rightarrow ll $d=0\wedge d\geq 1\Rightarrow\emptyset$







$sprio\backslash 18$ EPass $=$














:In\rightarrow ll Predl, 2, 3, $4=T,F,F,F$
:l1\rightarrow l2 Predl, 2, 3, $4=T,F,F,F$
:l2\rightarrow l3 Predl, 2, 3, $4=F,F,F,F$
( )
:l2\rightarrow l1 Predl, 2, 3, $4=F,T,F,F$
:l1\rightarrow l2 Predl, 2, $3,4=F,T$,F,F









































( 3, 4) . 3, 4 ,
$l_{2}arrow l_{2}$
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